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Information-Processing Theory

Information processing might be regarded as one ﬁ.& the .m.,:.%_mn moﬂ.:; .o,m ,oo:-
structivism. It appears to accept von Glaserfeld’s first m:mn.ﬁ_w_ EEn.: is com-
mon to all constructivist positions, but rejects the second principle, with its far-
reaching epistemological consequences (discussed later). Iaéméﬁ I argue later
that it falls short of being even a form of weak constructivism. .

The information-processing paradigm is a broad church that includes m:o
psychology of Ausubel (1968), repair theory Awﬁois %«./.\m: rw::, _.oqu ”Fvg
and many of the positions adopted by researchers in cognitive .mn_m,:nn &,a re mﬁ
psychologies. It is largely based on the metaphor and moﬂcsaov En ro:mn_.oﬁ.um
model of the mind as computer. This actively processes Emo.:sm:o: and P:P
calling up <m§m§8nma:ﬁm‘ organizing _.:n_.:oﬂw.m:os m:.a retriev-
al of data. It can even be “heuristically” programmed, that is, an_gum mm
outputs as it learns from experience. The computer metaphor Is very fruitful
because it has led to important analyses of human problem solving Aza;&:.%
Simon, 1972), and to ‘buggy’ error analysis Qwaoﬁ_d & wEA.oF 1978), with
important outcomes for the psychology of Bmwrn.ﬂm:mm n%nm.:os.

The use of computers as an instructional medium is quite Emn@a:ﬁ_wmﬁ %88
the use of a computer metaphor of mind, and mr.o:_a not be confused with it. A
striking exarmple is given by Papert (1980), who is widely Rmmaan._ as a construc-
tivist. Likewise, the work of Goldin and Kaput Aosmmﬁ.ﬁ mmw this <o_:53,. al-
though concerned with computers and their Himm.onmg_u 4:: ﬂo?.m.mm:nmﬁo:.
relates probably to weak constructivism and not to information-processing cog-
nitivism. o . .

The most common model of the world associated with Emo@mcoz.-ﬂnogmm_zm
theory is that of Newtonian absolute space @om:_mﬁmm by material oEmna. (scien-
tific realism). In general, information-processing theory represents a shift ?.05
the traditional empiricist metaphor of mind as passive to a ooqﬁ_ox Ban:mEn.E
(or rather electronic) metaphor of mind-as-computer, but there is cmcm:.w no shift
in the underlying metaphor for the world from that of M.wcmcr:o Newtonian space.

In summary, the ontology is the naive realism of science: Hsm world mm ::Jmm
we experience is out there. The things are part of E._.E:Bﬁn .8.,:5,. T MM
epistemology is objectivist—true knowledge of the state of affairs in the worl

may be possible, as is certainty Eﬁmﬁmﬁmzlom_ .Wsn@»é_oamm. However, where
this position dilfers fOM empiricism is in its theory of learning. It represents a
significant step forward from empiricism and n_mmmﬂ.om_ U.mw._.ma‘._o:.mqr for it non.om._
nizes that knowing involves active mental processing, it is EESA.EE_ and it is
based on previously acquired knowledge. Hr:m me.:.:_z.m is not just a passive
absorption of information; rather, it is more _:83.229 involving the .mm_mnwoh._,
processing and assimilation of information according to the state of mind of the
Emﬂ_mmwﬁ,jomma outcome of this perspective in terms of learning theory (and
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pedagogy) is that it accounts for student “error patterns” in mathematics (Ash-
lock, 1976), and similarly for misconceptions in science.

Does information-processing theory constitute a form of constructivism? It is
evidently close to one, on the grounds that its
von Glaserfeld’s first principle in that knowledge is not passively received but
actively built up. However, as | indicated earlier, this principle means that the
construction of knowledge is recursive, and builds on previously constructed
knowledge, not passively received information or knowledge. But the metaphor
of mind as computer means that at a basic level, incoming information or knowl-
edge must simply b gived by the co nizing m.:E_mnr in preconstituted form,
and that any complex response or claboration that may follow its reception builds

—

account of learning seems to satisfy

from this. This is not a recursive process of construction, but assumes instead the”

existence of objective, preexisting knowledge at a basic level. As one of its
exponents says, alongside cognitive science, information processing theory is
“the study of how humans process information, and includes the acquisition,
storage and retrieval of knowledge” (Mayer, 1982, p. 3) The rhetoric of this
quotation reveals the underlying presupposition that some knowledge learned by
humans is information that is admitted from the outside, not constructed within.
Thus, in the final analysis, Smcam:o:-?:comm_.:m theory contradicts von Glaser-
feld’s first principle and hence is not a form of constructivism.

Weak Constructivism

Accepting that information-processing theory is not a form of constructivism, it

is clear that a weak form of constructivism can be developed from it simply by

fully accepting von Glaserfeld’s first principle. This is termed weak constructiy-

_lsm, and noﬂchnﬂ ﬁ.E.w wn.:n@a that all w:a_.iacmm chm: w:n{ﬂmmwmg-
structed by each individual with the other assumptions of the information-pro-
cessing paradigm already described. Thus the underlying metaphors of mind and
world are almost the same. However, a difference is that the mind is an ideal
“soft” computer, namely, the brain. Thus the data it processes is self-constructed,
all the way down to the basic level of electrochemical nerve impulses.

There is an epistemological problem—an instability even—built into weak
constructivism, for it is difficult for the dual aspects of its epistemnology to
coexist. On the one hand, all individual w:oiaamn is constructed. On the other,
there is a realm of o jective knowledge, which, woﬂ.mwaic_a include the

truths of mathémmatics and facts about the world. But how can such knowledge be
known by any individual, if their knowledge is a personal construction? It must
be the case that an individual can construct truths, to be able to know such
knowledge. Thus the individual constructs truths about the world and of mathe-
matics. But in this case, an individual’s constructions are in fact correct represen-
tations of external states of affairs, via sense organs. This means that knowledge
is constructed to match the world, or the eternal verities of mathem(

, and not
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as a_recursive construction .wN.mma on previous constructions, satisfying inner
constraints. In short, constructed truths can only be known as such by means of
information from the world. Thus there is at the very least an antinomy—if not a
direct contradiction—at the heart of weak constructivism.

Weak constructivism deals with this by being a local, as opposed to global,
paradigm. That is, it accepts traditional oEmEEo_om.u\ nosm.agﬁsm wzoi_nmmm,
and only tries to account for the knowledge representations of E&Sacm_m. This is
quite legitimate, for not all theories can be theories .& nmeEEm_ and we cannot
simultaneously make everything the object of our inquiry. N :

Another possible way out of this dilemma for ..<mm_..ﬂ constructivism is to
acknowledge that there is a pregiven world of persons, objects, and nos<ns:9.ﬁ
knowledge (after all, denying this is problematic), _uE.S. maonﬂ.mu agnostic,
tentative position about our knowledge of this world. ,:sm is oanm.s_w the posi-
tion of virtually all schools in the modern philosophy of science. ,_,E._.w. E.a again
our best theories of the world are shown to be false (Popper, 1959). This is then a
defensible position. It is also appears close to that adopted by many of the o.ﬁ.sna
contributors to this volume, such as Booker, Goldin and Kaput, and :.manoﬁnm.
It enables learner’s constructions of meanings to be problematized, without hav-
ing to raise larger ontological and epistemological issues. It does, however, leave
the issue of the nature and status of mathematical knowledge unanswered.

Radical Constructivism

Although it originates with Piaget and is anticipated by Vico, in its anoB form
E&n&coommﬁ:nma.._mﬁ has been most fully worked out in epistemological terms
by von Glasersfeld, in a series of publications over the past G years. r.ﬂ meth-
odological terms, the leading figure in the area of mathematics education has
perhaps been Steffe (1991). . ) )

Definitionally, radical constructivism is based on both the first and second o
von Glasersfeld’s principles. The second profoundly affects the world metaphor,
as well as that of the mind: “The function of cognition is adaptive and serves the

organization of the experiential world, not the discovery of o:ﬂo_b.@mw_famrq

“{vomr Glasersfeld, 1989, p. 182). Consequently, “From an explorer who is con-
demned to seek ‘structura) properties’ of an inaccessible R.m_:w. the experiencing
organism now turns into a builder of cognitive structures intended to solve such
problems as the organism perceives or oomnm?m.m; (von Glasersfeld, 1983, p. 50).

Although it is controversial, and the caveat is needed that there are a number
of different forms of radical constructivism (Emest, 1991b), my claim is :z:.:a
underlying metaphor for the mind or cognizing mchQ. is .Emﬂ of an organism
underlying evolution, patterned after Darwin’s Emog 2.:: :.m nnnqm_ concept of
the “survival of the fit (or fitter).” This is indicated in Piaget’s notion of adapta-
tion to the environment and his explicit discussion of nomamé_ n<o_,c:os. such as

in Piaget (1972). : . '

[
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According to the evolutionary metaphor, the cognizing subject is a creature
with sensory inputs, furnishing data that is interpreted (or rather constructed)
through the lenses of its cognitive structures; it comprises also a collection of
those structures all the while being adapted, and a means of acting on the outside
world. The cognizing subject generates cognitive schemas to guide actions and
represent its experiences. These are tested according to how well they “fit” the
world of its experience. Those schemas that fit are tentatively adopted and
retained as guides to action. Cognition depends on an underlying feedback loop.

Thus on the one hand, there is an analogy between the evolution and survival
of the fitter of the schemas in the mind of the cognizing subject and the whole of
biological evolution of species. Schemas evolve, and through adaptation come to
better fit the subject’s experienced world. They also split and branch out, and
perhaps some lines become extinct. On the other hand, the organism itself and as
a whole is adapting to the world of its experiences, largely through the adaptation
of its schemas.

It is difficult to isolate the underlying model of the world of this position, for it
is implicated in that of mind. It is experienceable but not knowable in any
ultimate sense, just as the Kantian world of “phenomena” floats above the
unattainable substratum of the “noumena.” It is like the environment or world
surrounding an animal: It is real and resists and constrains the animal, but is not
known by the animal (including humans) over and above the ways that the
animals schema’s fit or fail to fit the world. No match between these schemas and
the world is possible; nor could it be verified, if it did exist.

Overall, radical constructivism is neutral in its ontology, making no presup-
positions about the existence of the world behind the subjective realm of experi-

g e e ek

ence. The epistemology is whole-heartedly fallibilist, skeptical; and antiobjecti-

“vist. The fact that there is no ultimate, true knowledge possible about the state of
affairs in the world, or about such realms as mathematics, follows from the
second principle, which is one of epistemological relativity. As its name implies,
the theory of leamning is radically constructivist, with all knowledge being con-
structed by the individual on the basis of its cognitive processes in dialogue with
its experiential world. The pedagogy is multifaceted, but at its heart lies sensi-
tivity to individual construction.

Radical constructivism is a rich theory that is giving rise to a whole body of
fruitful and innovative research, as this volume indicates. Indeed, it is very
important in mathematics and science education, where it might be said to
represent the pretending if not yet ruling epistemological theory. Almost unique-
ly, it represents an educational paradigm—a research program, even—that has
been fully developed in that the ontological, epistemological (in both senses),
methodological, and pedagogical dimensions have all been extensively treated in
the recent literature.

Of course such praise is all the more reason that radical constructivism should
be subjected to serious critical scrutiny. One central criticism that might require a
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